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PURIFICATION OF 1,1,1,3,3,3-HEXArLUOROISOPROPANOL 



This application claims priority of U.S. Provisional Patent Application No. 
60/541,818, filed on February 4, 2004. 



This invention relates to a process for purifying 1,1,1,3,3,3-hexafluoroisopropanol. 



1,1,1,3,3,3-hexafluoroisopropanol (HFIP) is a clear, water-white liquid, which is 
soluble in water and many organic solvents. Because of its strong hydrogen bonding 
properties, HFIP can also be used as a solvent for many different types of polymers. HFIP is 
also used to prepare fluorinated esters of polyacrylate and polymethacrylate polymers, and to 
prepare synthetic pharmaceuticals. 



HFIP can be prepared from 1,1,1,3,3,3-hexafluoroacetone (HFA) by catalytic 
reduction according to the following scheme: 



II H2 I II 

CF3 C CF3 »► CF3 CH — CF3 + CF3 C CH3 

catalyst 

HFA HFIP TFA 



The hydrogenation catalyst is usually a nickel, palladium, ruthenium, rhodium or platinum 

metal, or a compound containing one or more of these metals. A byproduct of the catalytic 
reduction is 1,1,1-trifluoroacetone (TFA), which is very difficult to separate from the HFIP. 
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The present invention provides a first process for preparing 1,1,1,3,3,3- 
hexafluoroisopropanol substantially free of 1,1,1 -trifluoroacetone. This first inventive 

process comprises the steps of: 

a) reducing 1,1,1,3,3,3-hexafluoroacetone with hydrogen in the presence 
of a first hydrogenation catalyst to produce a product mixture 
comprising 1,1,1,3,3,3-hexafluoroisopropanol and 1,1,1- 
trifluoroacetone; and 

b) preparing 1,1,1,3,3,3-hexafluoroisopropanol substantially free of 1,1,1 - 
trifluoroacetone by subjecting the product mixture to a purification 
process comprising at least one purification step selected fi-om the 
group consisting of: 

i) subjecting the product mixture to a further reducing with 
hydrogen in the presence of a second hydrogenation catalyst to 
yield a reduced product mixture, and separating 1,1,1,3,3,3- 
hexafluoroisopropanol substantially free of 1,1,1 - 
trifluoroacetone from said reduced product mixture by 
fractional distillation; 

ii) cooling the product mixture to a temperature at which the 
1,1,1,3,3,3-hexafluoroisopropanol freezes and the 1,1,1- 
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trifluoroacetone remains liquid; 



iii) subjecting the product mixture, which, for the purposes of this 
purification step, further comprises a high boiUng complex 
comprising hydrofluoric acid and 1,1,1 -trifluoroacetone, to 
fractional distillation, and separating 1,1,1,3,3,3- 
hexafluoroisopropanol substantially free of 1,1,1 - 
trifluoroacetone from said high boiling complex by said 
fractional distillation; and 

iv) subjecting the product mixture to hydrofluoric acid-free 
conditions wherein 1,1,1,3,3,3-hexafluoroisopropanol forms a 
high boiling azeotrope with 1,1,1 -trifluoroacetone, and 
separating 1,1,1,3,3,3-hexafluoroisopropanol substantially free 
of 1,1,1 -trifluoroacetone from said high boiling azeotrope by 
fractional distillation. 

The reduction step (a) is carried out substantially as is well known in the art. The first 
hydrogenation catalyst can be any suitable catalyst provided, of course, that the reduction of 
the HFA produces a product mixture comprising both HFIP and TFA. As indicated above, 
catalysts usefiil in this regard include nickel, palladium, ruthenium, rhodium and platinum 
metal catalysts, and compounds containing one or more of these metals, for example, a 
palladium on carbon catalyst, particularly, a 2% palladium on carbon catalyst. 
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The product of the reduction step (a) is a product mixture comprising both HFIP and 
TFA. The TFA is initially present in such product mixture in an undesirable or significant 
amount. This product mixture will be subjected to purification process (b), and the result is 
that the TFA content will be reduced, and the HFIP can thereafter be recovered substantially 
free of TFA. By "substantially free of TFA" is meant that the HFIP will contain less than 500 
ppm, less than 200 ppm or less than 100 ppm of TFA. 

In a first purification process, the product mixture obtained from step (a), with or 
without intermediate work-up, is further reduced with hydrogen in the presence of a second 
hydrogenation catalyst to yield a reduced product mixture, and HFIP substantially free of TFA 
is separated from said reduced product mixture by fractional distillation. The conditions that 
are used to reduce HFA to HFIP and TFA can also be used to reduce the product mixture 
obtained from step (a), but the best results are obtained with elevated temperatures and longer 
contact times. The second hydrogenation catalyst is usually the same as the first 
hydrogenation catalyst as this is easier, but the second hydrogenation catalyst could be 
different from the first hydrogenation catalyst, if desired. For example, if the first 
hydrogenation catalyst is a palladium on carbon catalyst, particularly, a 2% palladiimi on 
carbon catalyst, the second hydrogenation catalyst may also be a palladium on carbon 
catalyst, particularly a 2% palladium on carbon catalyst, or else the second hydrogenation 
catalyst may be different from the first hydrogenation catalyst. 

In a second purification process, the product mixture obtained from step (a), with or 
without intermediate work-up, is cooled to a temperature at which the HFIP freezes and the 
TFA remains liquid. HFIP has a high melting point (-4°C) compared to TFA (-78°C). HFIP 
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substantially free of TFA can be obtained by cooling the product mixture obtained from step 
(a) to a temperature between about -4'C and about -78°C. The frozen HFIP can be separated 
from the liquid TFA by any suitable method, for example, decantation, centrifiigation, 

filtration, etc. 

In a third purification process, it has been discovered that hydrofluoric acid (HP) 
forms a high boiling complex with TFA and some of the HFIP formed in step (a), and that 
HFIP substantially free of TFA can be separated from this high boiling complex by subjecting 
the product mixture containing the HFIP and the high boiling HF/TFA/HFIP complex to 
fractional distillation. As the reaction scheme depicted above makes clear, HF is ordinarily 
produced as a byproduct of the reduction of HFA. However, the amount of HF produced as a 
byproduct may be insufficient to separate from the HFIP the quantity of TFA on hand during 
the fractional distillation. In that event, additional HF can be introduced with the other 
reactants or separately added to the reduction step (a) and/or HF can be added to the product 
mixture obtained from step (a), with or without intermediate work-up, under conditions 
wherein at least some of the HF forms a high boiling complex with TFA and some of the 
HFIP formed in step (a), and HFIP substantially free of TFA is separated from said high 
boiling complex by fractional distillation. In one embodiment, the third purification process 
involves adding HF to the product mixture obtained from step (a) in a ratio of hydrofluoric 
acid:product mixture of from about 1 :99 to about 1 : 19, so that the amount of HF is about 1 to 
about 5% by weight of the product mixture. In another embodiment, HF is introduced with 
the other reactants or separately added to the reduction step (a), and in this embodiment larger 
amounts of HF can be added if desired. 
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In a fourth purification process, the product mixture obtained from step (a) is 
subjected to HF-free conditions so that the HFIP forms a high boihng azeotrope with TEA, 
and HFIP substantially free of TFA is separated from said high boiling azeotrope by 
fractional distillation. The HF-free conditions can be established by any suitable technique 
well known in the art, for example, by filtration of the product mixture through silica or 
potassium fluoride. 

It should be apparent that any of the foregoing techniques provide a means of 
separating a mixture of HFIP and TFA to achieve HFIP substantially free of TFA regardless 
of the source of the mixture. Accordingly, the present invention also relates to a second 
process for separating HFIP substantially free of TFA from a mixture of HFIP and TFA. This 
second inventive process comprises the steps of: 

a) providing a mixture comprising 1,1,1 ,3,3,3-hexafluoroisopropanol and 
1,1,1 -trifluoroacetone ; and 

b) preparing 1,1,1 ,3,3,3-hexafluoroisopropanol substantially free of 1 , 1 , 1 - 
trifluoroacetone by subjecting the mixture to a purification process 
comprising at least one purification step selected from the group 
consisting of: 

i) subjecting the mixture to a reducing with hydrogen in the 

presence of a hydrogenation catalyst to yield a reduced mixture, 
and separating 1,1,1,3,3,3-hexafluoroisopropanol substantially 
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free of 1,1,1 -trifluoroacetone from said reduced mixture by 
fractional distillation; 



ii) cooling the mixture to a temperature at which the 1,1,1 ,3,3,3- 
hexafluoroisopropanol freezes and the 1,1,1 -trifluoroacetone 
remains liquid; 

iii) subjecting the mixture, which, for the purpose of this 
purification step, further comprises a high boiling complex 
comprising hydrofluoric acid and 1,1,1 -trifluoroacetone, to 
fractional distillation, and separating 1,1,1,3,3,3- 
hexafluoroisopropanol substantially free of 1 , 1 , 1 - 
trifluoroacetone from said high boiling complex by fractional 
distillation; and 

iv) subjecting the mixture to hydrofluoric acid-free conditions 
wherein 1,1,1,3,3,3-hexafluoroisopropanol forms a high boiling 
azeofrope with 1,1,1 -trifluoroacetone, and separating 
1,1,1,3,3,3-hexafluoroisopropanol substantially free of 1,1,1 - 
trifluoroacetone from said high boiling azeotrope by fractional 
distillation. 



This second inventive process is conducted in the same manner as hereinbefore described for 
the first inventive process. 
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For both the first inventive process and the second inventive process, the purification 
steps can be combined. In other words, the present invention also includes processes wherein 
two or more of steps (b)(i)-(b)(iv) are carried out. 

The invention will now be described in more detail with reference to the following 
example: 



A product mixture comprising HFIP, HF and a small amount of TFA is purified 
continuously according to the third purification process involving fi-actional distillation. The 
experimental parameters are as follows: 

Experimental Parameters 
Column: 3" by 20' 
Pressure: 40 psig 
Dp: 15"ofH20 
Feed Rate: 2 kgs/hr 
HP in Feed: 2% 
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The results are as follows: 



% TFA in Feed 


% TFA in Bottoms 


% TFA in Overhead 


0.2% 


2.2% 


0.009% 


0.2% 


2.4% 


0.013% 


0.2% 


2.8% 


0.041% 


0.2% 


2.9% 


0.025% 



It should be understood that the preceding is merely a detailed description of one or 
more embodiment(s) of this invention and that numerous changes to the disclosed 
embodiment(s) can be made in accordance with the disclosure herein without departing from 
the spirit or scope of the invention. The preceding description, therefore, is not meant to limit 
the scope of the invention. Rather, the scope of the invention is to be determined only by the 
appended claims and their equivalents. 



